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SECTION I 

I 
': 
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A. PRESENT STATUS--DEVELOPMENT OF TEMPORARY, 
VERY-LOW-FRXQUENCY, HIGH-AMPLITUDE , 
VIBRATION CAPABILITY 

I n  previous reports,  equipment and techniques have been described 
which generally make it possible t o  obtain ECG tracings from human sub- 
jec ts ,  while they are  being vibrated, which are suff ic ient ly  f ree  of 
e l e c t r i c a l  noise t o  permit c l in i ca l  research evaluation. Evaluation i s  
made e i ther  d i rec t ly  from the recorded ECG tracing or a f t e r  subjecting 
the magnetic tape recording of the ECG signal t o  noise-cancelling pro- 
cedure s. 

Protocol c a l l s  for  u t i l i z ing  the equipment and techniques developed 
t o  search fo r  s ignif icant  ECG changes i n  a number of subjects subjected 
t o  a variety of vibration in tens i t ies ,  par t icular ly l imit ing vibration 
in t ens i t i e s  i n  the profi le  of vibration of NASA spacecraft. 
cludes severe or moderately severe vibration i n  the frequency range from 
l e s s  than 1 Hz t o  20 Hz. 

This in- 

Our laboratory shake table  i s  capable of vibrating human subjects 
at  severe vibration in t ens i t i e s  at  frequencies from 3 t o  20 Hz and a t  
l e s s  severe in t ens i t i e s  at frequencies l e s s  than 3 Hz. It i s  not capable 

i s  important ~~ _cm---- ** 

e equipment d m l o p e d  t o  temporarily 
meet the need i s  shown i n  Figs. 1 and 2 before and during operation. 
The equipment configuration generally resembles a playground swing. 
side ropes of the swing, which are  e l a s t i c  (airplane tow cord), are fed 
through pulleys i n  two block-and-tackle arrangements. 
the e l a s t i c  rope feeds out of the upper pulleys, 
fastened t o  the lower pulleys. 
suspended from the r a f t e r s ,  
"swing seat" platform, 
height by pulling on the f ree  e l a s t i c  ropes, He then imparts rhytbmic 
pu l l  t o  the f ree  e l a s t i c  ropes which excites and maintains ve r t i ca l  
vibration t o  the system at a resonant frequency which i s  a function of 
(a) the weight of the subject and equipment; (b) the spring constant of 
the rope, which depends on the height t o  which the subject i s  pulled; 
and (c) the dampening character is t ics  of the system. 
of the subject i s  prevented by an ass i s tan t  operator who res t ra ins  the 
swinging tendency with two ropes fastened t o  the platform. 

The 

The f r ee  end of 
The "swing" sea t  i s  

I n  the laboratory, the upper pulleys are 
The subject can e i ther  stand or s i t  on the 

An operator pul ls  the subject t o  a predetermined 

Excessive swinging 

resent i n  the y axis lead. 



Fig. 1 - Temporary equipment t o  vibrate  human subjects 
at l o w  frequency, high amplitude 

Fig. 2 - Stroboscopic picture  of temporary vibration 
equipment i n  operation 
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I B. MODIFICATION OF FRANK'S TECHNlQUE 
FOR LOCATION OF THE HORIZOPTTAL LINE 
OF CEPJTER OF HEART FOR ORTHOGONAL 
EGG L;EKD PMCZIVENT 

The Frank' orthogonal lead system ca l l s  for certain electrodes t o  
be placed on a horizontal plane which passes through the e l e c t r i c a l  center 
of the  heart. 
Frank tha t  the horizontal plane should be located using an electrocardio- 

Electrode placement i s  important and it i s  recommended by 

shows electrode placement on the subject. Seven fixed electrodes are 
used which are  connected t o  the switchbox, incorporating Frank's vector 
balancing bridge. 
with manipulations of only the switch and potentiometer. 
necessary and desirable t o  change electrode placement at  l e a s t  once. 
When using NASA electrodes, t h i s  i s  re la t ive ly  simple. 
cation using the modified equipment requires at l e a s t  as much time as 
location using the Frank equipment. 

It i s  possible t o  estimate the heart  l i n e  of center 
It i s  generally 

Heart center lo-  
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Fig. 3 - Wiring diagram for switchbox for heart electrical center 
determination using method described by Frank1 
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Fig. 4 - Subject wired for heart electrical center 
determination 
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SECTION I1 

I 

? 

ANIM.AL STUDY OF CARDIOVAScULAEl CHANGES 
ASSOCIATED W I T H  VIBRATION 

As  a continuation of previous animal experimentation, a well-condi- 

.ii 

ments were taken tions.  Table I 

5 shows representative tracings obtained during the experiment, 

1. Vibration of the umedicated dog caused 

a. 4 PVR 

b, t C.O. 

d. t H.R. 

2, Propranolol reduced the e f fec ts  of vibration but did not a l t e r  
t h e i r  direction. 

3. Phenoxybenzamine abolished the response t o  vibration. 

CONCLUSIONS AND EXPLANATION 

Vibration causes primarily a reduction i n  peripheral vascular re- 
sistance, a fa l l  i n  a r t e r i a l  pressure, and a ref lex  tachycardia with in- 
crease i n  cardiac output. Beta blockade did not a l t e r  s ignif icant ly the 
response t o  vibration. 

Alpha blockade caused apparent t o t a l  a r t e r i a l  d i la ta t ion ,  and vibra- 
t ion  did not a l t e r  hemodynamics, 
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Fig. 5 - Representative t races  obtained during experiment 

(Trace reads from r ight  t o  lef t .  
Lead 2 ECG, Left ventricular pressure curve, and indicator di lut ion 
curve. 
which vibrations at 7 cycles per second begin. 
ECG t race appeas at the onset of vibration.) 

Records are  from top t o  bottom: 

The first 4-5 seconds of the record are  control, after 
Undulations on the 



TABLF: I 

i 

(breaths 
(m - ~ g )  (L/min) (units) /min> (mm ~ g )  

SAP 6.0. PVR H.R. EDP 

Control 
No Vibration 125 1.4 89 70 6.5 

130 5.0 N o  Drugs 95 2.9 
1 

33 
Vibration t 
Control 
After Propranolol 140 
Vibration Post 

1.1 50 6*5 

85 6.0 
t 7 

Propranolol 125 1,8 69 

Control Post 
Phenoxybenzamine 75 1.4 54 160 4.5 

I) e 
Vibration Post 
Phenoxybenzamine 75 143 57 160 4.0 

Control Post 
Atropine 70 1.2 58 140 4*5 

d I.) Vibration Post 
Atropine 75 1.2 62 140 445 

KEY: PVR = peripheral vascular resistance 
C.O.= cardiac output 
SAP = systemic a r t e r i a l  pressure, mean 
H.R,= heart  r a t e  
EDP = end d ias to l ic  pressure 

- 

We may conclude tha t  vibration overrides existing alpha adrenergic- 
induced vasomotor tone and tha t  it w i l l  not cause d i la ta t ion  i n  excess 
of that caused by removing alpha stimulation, 

It appears that the primary ef fec t  of vibration i s  t o  cause vasodi- 
la t a t ion  (more correctly, absence of vasoconstrictioh) w i t h  tachycardia 
and increased cardiac output as s e z a l l a e .  
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Additional experiments are contemplated to corroborate tdese results 
in a greater number (approx. 6) of equally well-conditioned dogs. 
intend to record not only C.O., LW, dLvp/dt, and FAP, but also pulmonary 
arterial pressure and femoral arterial blood flow fromwhich pressure- 
flow relations may be estimated. We hope, also, to monitor tissue pO2 
and pC0, as well as A-V differences to elucidate any possible direct, 
local effects of vibration. 

We 
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ATRAUMATIC MEASUREM3NT OF BLOOD PRESSURE OF HUMAN 
SUBJECTS WHILE THEY AIiE BEING VIB€WCED--THE PROBLLFM 

I n  our laboratory, experimental work on blood pressure and vibra- 
t ion  has so far been confined mainly t o  animals. The development of the 
Peiper vibration-compensated catheter and the r e su l t s  of animal experi- 
mentation with it have enabled us t o  ant ic ipate  that i n  man there may be 
some generally small, except when modified by emotional factors ,  t ransient  
or persis tent  blood pressure changes associated w i t h  vibration. 
changes can only be searched fo r  atraumatically. 

Such 
As  a resu l t  of discus- 

*n 

1. To be acceptable, any atraunatic method of blood pressure 
measurement used must give r e su l t s  which correlate well  under non-vibra- 
king conditions with r e su l t s  obtained using the cuff method (manual or 
automatic). 

2.  The above correlation sha l l  be suf f ic ien t ly  stable tha t  repeated 
simultaneous determinations by the two methods sha l l  be sensibly the sane. 
over broad blood pressure ranges produced i n  a variety of ways on a 
variety of subjects. 

3. Automatic or manual cuff blood pressure measurements can 
probably be used as a periodic check fo r  any method developed, provided 
such checks a re  so timed and at  infrequent enough intervals  t o  minimally 
in te r fere  with the subject's attention, performance, or  comfort. 

4. The sensor used must not in te r fere  with the subject's attention, 
performance, or comfort; it must be capable of operating essent ial ly  
continuously and produce calibrated analog systol ic  and d ias to l ic  blood 
pressure signals. 

5. Probably the transducer should operate from the sane ar te ry  
tha t  i s  occluded for the cuff method or from a nearby point so tha t  the 
pressure contour of both should be as similar as practical.  

6 .  To assure reasonable s t ab i l i t y ,  the transducers w i l l  probably 
need t o  be attached i n  such a way as not t o  in te r fere  with the normal 
physical or physiological responses of loca l  t issue.  

7. 
choice of frequencies used w i l l  probably be an important factor  i n  
establishing stable correlation i f  such exis ts .  

The type and frequency response of the transducer(s) and the 
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8. Correlations to establish the degree of relationship between 
pulse curves and direct blood pressure measurements have not included 
very low frequencies; this should be investigated. 

9. Various types of transducers, surface, plethysmograph, etc. 
should be investigated theoretically and experimentally. 

Most of the equipment is at hand to pursue research along the lines 
suggested by the requirements. 
of special low-frequency transducers, narrow-band variable filters, and 
analog and digital computer techniques. As indicated, some earlier 
abandoned techniques of promise will be reinvestigated. 

The investigation will require the use 
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